
DIFFUSION IN VEIN-GENESIS AT COBALT. 

ALFRED R. WmT•AS.• 

It is no less a convenience in geological as well as other kinds 
of work, to have standard tools and materials. It is therefore a 
great temptation for geologists to accept certain standard theories 
as legitimate working tools, which they need no longer hold in 
question, but may henceforth take for granted. And so it has 
come to pass that process,es of ore-formation have been standard- 
ized and listed, .to the exclusion of what may yet be recognized 
as one of the most potent genetic processes. In the silver de- 
posits at Cobalt, the writer ,believes he has found an example of 
the operation .of this unrecognized proces_s, worthy of being 
described as a type case. 

Long ago the idea of "lateral secretion' as advocated by F. 
Sand•berger was condemned in geologic opinion. The verdict 
was probably just ir• respect to the letter, but unjust in respect 
to the nucleal idea of his conception. In Geologische Diffu- 
sionen, 2 R. E. Liesegang has indicated the ground upon which 
the decision against lateral secretion will probably be reversed. 
Posepny a quotes Sand'berger as saying: 

The theory of lateral secretion was conceived in this sense only, that 
the material for the filling of veins is derived from the country rock 
through gradual leaching by seepage-water, which brings the dissolved 
substances from both sides of the fissure, where it is then converted 
by chemical decompositions into insoluble gangue minerals and ores, 
and so deposited. 

The error in this theory lies in the assignmen•t of the task of 
transportation t.o circulating water; and the reversal of the de- 
cision against it will be based upon a recognition of the potency 

• Companion paper to that by W. L. Whitehead in this number. 
2 Reviewed by Adolph Knopf in Ecoa. GEOL., Vol. 8, No. 8, Dec., I9T3. 
a,' The Genesis of Ore Deposits," Ed. 2, •9o2, p. 57. 
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of diffusion to perform tha't task without the aid of movements 
of water. In all likelihood, it will yet be adequately demon- 
strated that much more often than is now supposed, ore deposits 
originate through the migration of ore materials from country 
rock in or adjacent to which the deposits lie. 

The efficacy of diffusion to produce many geological phenom- 
ena has already been recognized. It has been assigned an impor- 
tant r61e in metalnorphism, in banded wea. thering, and in certain 
ore-form!ng processes; but either by silence or direct imputation 
it has been denied recognition in its true r61e as a prime agent in 
the formation of all metasomatic deposits. 

'Before presenting the small array of evid.ence which has a 
direct bearing upon the problem, it will, perhaps, be best briefly 
to set forth the .main thesis, which is as follows: 

•. The cobalt-nickel-silver ores of the Cobalt District were 

derived by diffusion and metasomatic fixation from the sill of 
Nipissing dia•ase with which they are associated. 

2. They were deposited essentially in their present form below 
the groundwater level, no't by circulating solutions, but by mi- 
grant ions traversing virtually stagnant or slowly circulating 
aqueous solutions, from all parts of the adjacent dia'base, to such 
favorable seats of deposition as were accessible in the neighbor- 
hood of its margins. 

3- Mineral-laden water filled all the pores, joints, and fractures 
o.f the diabase and its neighboring rocks; and through it moved 
the ions of vein lnaterial, at a temperature considerably below 
the melting point of the dia•base, and at a pressure of several 
thousand feet of hydrostatic head. These ions were not capable 
of combination and precipitation without the help of an external 
agency; this consisted in catalytic influences or obscure metaso- 
matic reactions of a kind which could take place only in rock 
relartively free from stress in one direction, as that must have 
been, which lined the sides of vertical tension joints lying parallel 
with the chief lateral stresses of the locality. •The effect of these 
reactions of replacement, although virtually grain-for-grain as 
is understood by the term metasomatic, was to send into solution 
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the aluminous and ferrous. silicates composing the wall rocks, 
and to fill the vacated space grain-f. or-grain as it developed, with 
the ore minerals. The first rock to be thus replaced was that 
under least stres's on the immediate walls of the indicated joints. 
The joints being tight, there was virtually no opportunity for 
crustification. .The replacement extended outward from the 
plane of its inception, the 'widening vein always being so firmly 
frozen to its walls that aqueous solutions would move along it 
often with less ease than elsewhere through the wall rock.. 

Because the writer has been limited, to the industrial phase of 
this study, and in part because o.f its inherent character, the sup- 
port .of these propositions must be chiefly in the nature of evi- 
dence-taking rather than proof. Therefore the following evi- 
dence is offered only as a statement of the chief considerations 
which weighed in his mind to incline him to accept this theory 
of genesis. 

(a) The commercial ore bodies are found in the diabase itself, 
and in the Keewatin and Cobalt Series (called the "conglomer- 
ate"), which it intrudes. In the dia•base and Keewatin the ore 
bodies lie within 350 feet of the upper and lower margins of the 
dia'base; but in the conglomerate commercial ore bodies lie as 
far away as 55 ø feet. Of all the silver veins that have ,been 
mined in northern Ontario, whether in the Cobalt District, Gow- 

' ganda, South Lorrain, or in Casey Township, none have carried 
commercial ore bodies in contraversion of this rule; and this 
applies to more than 200 veins. Rich .ore has been found in the 
Beaver Mine in the Keewatin and diabase on the lower margin 
of the sill,' at a depth of 1,6oo feet, which is virtually the same 
depth below the present watertable. 'The w. riter regards the ore 
bodies as a marginal phenomenon .belonging to the diabase, and 
coexistent wit• it. As far as exploration has gone this. is well 
indicated, even in respect to non-commercial bodies of silver, 
smaltite, and niccolite in calcite veins in almost every locality 
where the diorbase is found, or has been eroded away. This rela- 
tionship, therefore, is offered as an evidence that the cobalt- 
nickel-silver ore has emanated from the di•base itself, rather 
than from its mother-magma. 
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A refutation of the theory of vadose origin for these deposits 
may be omitted here; but th.e idea of their origin from ascending 
juvenile waters must receive attention. If tais latter hypothesis 
were correct the ore materials must be assumed to have ascended 

along the major fissures of the district, which most likely are 
quite deep-seated, and were available as channels of escapement 
at the time of mineralization. In view of that fact it is hardly 
supposable that the ore materials would have reached their pres- 
ent resting places by traversing the unfractured or discontinu- 
ously fractured rock for so great a distance, in preference to the 
more open channels. But the major fissures have not been found 
to be mineralized, and probably are not, beyond the stated limit- 
ing distances from the dia•base. Furthermore, the occurrences. 
of the vein minerals in commercial and non-commercial quantities 
are widespread, and without any notable reference to major 
fissures, often, in fact, demonstrably at distances from the fis- 
sures or possi•ble deep-seated channels of distribution other than 
the diabase contacts themselves, of more than •,ooo feet. This 
holds for many of the richest veins of the district, notably at 
'the Kerr Lake, Temiskaming, and Beaver Mines. In these 
cases, but even more conspicuously in many non-commercial 
deposits, in order to have come along a margin of the diabase 
from a known major fissure, the ore materials would have had 
to traverse several thousand feet of undulating and nearly flat 
contact to reach their seats of deposition, a f. act which seems to 
weigh heavily against the theory of ascending mineralization. 

It is necessary •here to explain that the term major fmdt is 
properly applied only to faults of the N.E.-S.W. or the N.W.-S.E. 
systems, with one or two possible exceptions in the E.-W. system, 
which includes what are spoken of as the side-thrust faults. The 
two former systems are conceived by the writer to be very old 
and d•ep-seated; but faults of the last named system are, most 
likely, relatively shallow. They are found in all sections of the 
district, and consist of vertical or nearly vertical fractures upon 
which the chief component of movement has been horizontal. In 
this system 64 Fault in the Nipissing Mine and the chief vein 
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fissure in the O'Brien Mine are conceded to be fairly deep, 
although even the latter of these has not materially dislocated 
the Keewatin-diabase contact. In the Kerr Lake region. no great 
throw has developed o.n any of these faults, and the same holds 
for the Temiskaming and Beaver Mines. It is particularly im- 
portant to note in this connection that in this region a fault in the 
Keewatin basement formation must have a large throw in order 
to have a great extent. 

(b) Probably it will not be disputed that the ground water 
fills all fractures and rock pores below the watertable to variable 
depths, even if barely sufficient in •he rock pores to yield water 
in the closed tube. This does not imply that dry fractures are 
not to be found in mining, since pumping operations from deep 
sumps may account for that phenomenon. In other cases the 
dryness of fractures found in deep mining might be accounted 
for by the recent origin of the fractures. Also short fractures 
are quickly drained. 

If a magma comes to rest in such an environment and exudes 
juvenile waters, they will almost certainly 'become commingled 
with the groundwater, whose circulation has-been stimulated 
by the accession of heat from the magma; and there will be an 
u.pward circulation started in the neighborhood of the intrusive 
mass, following the most accessible channels. However, if there 
are no continuous open. channels leading upward, the escape of 
the heated solutions will be very difficult, and perhaps at too slow 
a rate to even carry heat a great distance. 

Fuller says :4 

The results of drilling... as well as studies of deep mines, show 
that... water does not commonly exist in the rocks under great 
pressure. 

Relativity and time are often overlooked in research; .but they 
are not overlooked in the processes of nature. It is doubtful 
whether data could be obtained to prove Mr. Fuller's assertion. 
If a deep diamond drill hole is put down from the lower dry por- 
tion of a deep mine, it might remain dry for the lifetime of the 

ß U.S. Geol. Surv. Water Supply Paper No. •6o, p. 64. 
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mine without indicating that an open space at that depth would 
not fill .with ground water. Also if a water-filled fissure at a 
great depth does not yield water under apparent pressure when 
tapped by a drill hole or a mine working, that does not indicate 
that the water in the fissure is not under immense pressure; for 
the rate of flow is not an absolute measure of the pressure, for 
experimental purposes, when it is so slow as to require geological 
time for its estimation. Water filling a deep fissure, tapped by 
a diamond drill hole, might be under a hydrostatic head of thou- 
sands of feet and yet not fill the hole in the course of a decade; 
for water in such a chamber can flow out of the chamber only 
as fast as it flows in. 

Where the zone of fracturing begins to merge with the zone of 
rock-flowage, it is conceivable that the tight fractures produced 
by a sudden deformation might remain dry, or at least incom- 
pletely filled .with water for many years, and yet ultimately be- 
come filled under high pressure t'hrough the slow accession of 
water from capillary openings. Any person familiar with deep 
mining operations may often have seen cross-cuts in "dry 
ground;" so dry that d•ust from the drills floats in the air like 
smoke. After blasting, when the fresh face is examined, only 
dry fractures are found and no signs of moisture. Yet at some 
distance back from the face, ,where the fractures have been ex- 
posed by the cross-cut for many days, the dust which has accu- 
mulated upon the back and .walls will show dampness at these 
fractures. This is as likely to be seen on the sides near the floor 
of the cross-cut as on the .back. Such workings .as these are 
called "dry," and for all practical pur•poses they are dry; but 
geologically they are full of water, perhaps under a hydrostatic 
head of thousands of feet. 'The shock of the blasting probably 
emptiec} the fractures close to the face; and several days or weeks 
are required for the loss to be compensated, and enough water 
gained t.o keep pace with the relatively rapid evaporation which 
goes on in a well ventilated mine. It may even be that the rate 
of accession of water will not keep pace with the rate of evapora- 
tion; and -.he fracture although yielding water will show none. 
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This is a rather negative line of argument, but as refutation it is 
called for by the arguments of those who contend that the ground 
water does not penetrate far below the watertable. 

The purpose of the foregoing argument has been to indicate 
that water may fill all open spaces t.o a considerable distance be.- 
low the water table, •but that even according to those who believe 
in the flow of underground water as a potent agency in the for- 
mation of ore deposits, its flow is most a.p,t to •be s16w, at a con- 
sideratble depth below the surface. But this portion of the gen- 
eral argument is not complete until attention has 'been called to 
the fact .that if it is difficult for the groundwater to circulate 
downward in the lower portion of t'he zone of fracture, it must 
be, for the same reasons, equally difficult for juvenile waters to 
ascend freely or in any greater volume. Where the ground- 
water can not descend, juvenile waters can not ascend. 

(c) Lindgren 5 points out that 

In subcapillary openings the attraction of the molecules extends from 
wall to wall, and this clas• includes tubes smaller than 0.0002 mm. in 
diameter, and sheet openings smaller than o.ooot mm. in width. 

He also says: 

In subcapillary openings the water is held firmly as a film, glued to the 
walls by adhesion. There is no free water, and the flow is practic- 
ally nil. 

Undoubtedly this is true;'but if it is admitted, then how can 
olivines and feldspars be altered to serpentine, limonite, saus- 
surite, kaolin, and so on, along fracture surfaces and cleavages 
in firm rocks taken from far below the surface? Have sub- 

stances been added and withdrawn to effect these alterations by a 
circulation of water through. those microscopic openings? The 
"Liesegang rings" explained by Ostwald, and the banded weath- 
ering explained by Knopf, •vere attributed to the operation o,f 
diffusion. Many phenomena, as the banding in agates, pseudo- 
morphism, and metamorphism, have been assigned by various 
geologists to diffusion; and• there seems to be no objection to 
assigning to the same process the phenomena of mineral altera- 

5 ,, Mineral Deposits," McGraw-Hill, •9t9, p. 37. 
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tion along internal fractures and cleavages. If circulation is 
required to produce ingress and egress of material, •vhy can it 
not be a circulation of ions--the solute rather than the solution ? 

Fick, Soret and others have given some attention to chemical 
or laboratory diffusion, and have worked out laws to the effect 
that the rate of diffusion is proportional to the concentration and 
•nversely proportional to the distance travelled, also that heat 
accelerates diffusion so that the solute tends to concentrate in the 

cooler portion of the solvent; 'but diffusion in films may be a 
different matter than diffusion in chambers; and with the intro- 
duction of geological time, effects may be produced, the magni- 
tude of which goes far .beyon. d any hints coming from the 
laboratory. 

It is difficult at first to conceive of diffusion as operating on a 
scale commensurate with that required for •e formation of somfi 
of the immense metasomatic or impregnation deposits, which lie 
at a distance from the nearest igneous rock. However; it is 
more difficult to conceive of the ore material being carried to the 
point of precipitation and there being deposited by a current of 
water, however small, wending its way among the capillary and 
subcapillary openings which lie among the grains of a firm rock. 
All the reported analyses of mineralsBearing waters which flow 
from springs indicate that they are exceedingly dilute solutions. 
If one studies a wide breast of ore in a metasomatic deposit, and 
realizes l•he amount of water from which it must have been de- 
posited according to the circulating water idea, it will be difficult 
for him to conceive of that amount of water as having ever cir- 
culated among the .pores of the firm wall rock, or along the 
tightly cemented walls of the ore body or the discontinuous vein- 
lets which compose it. In the case of a crustificati0n deposit, 
where all the mineral deposited was laid down on the walls of a 
gradually narrowing open fi'ssure, transportation by diffusion 
would be more difficult and less necessary to show evidence of; 
but in a deposit where the space now occu,pied by ore was never 
an open chamber, and metasomatic replacement was the means 
of its origin, whatever circulation served to bring the vein matter, 
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and remove the walls to make room for it, must have traversed 
the contact between the vein and it's walls, or between each mass 
of ore and its individual walls. The openings in such cases 
must have been su.bcapillary, if the evidence of the microscoFe is 
to 'be accepted. That circulation, if of an entire solution, must 
surely have proceeded with extreme difficulty and have consumed 
an exceedingly long time; but if the circulation was of streams 
of ions, it would have been much more subtle, because of t'he 
continuously undiminished actuating force, and might have pro- 
ceeded with much greater speed, also requiring no greater con- 
centration of the solution than that of ordinary hot spring waters. 

Wherever deposition of mineral has taken place by other means 
than crustification, sedimentation, or segregation, it must have 
occurred' chiefly by the agency of diffusion. Very likely those 
w'ho take issue with this statemen.t will do so on the ground that 
although local d, iffusion may be admitted in such cases, it can 
not be assumed that the major transportation was by that means. 
The answer is a partial concession. Undou'btedly mineral- 
bearing water circulates in the deeper portion of the ground- 
water; but while it is circulating slowly along the avenues of 
transportation to the places of deposition, there must be going on 
within it a more rapid circulation of ions, by diffusion, causing 
an accumulation of metalliferous ions and molecules at the seat 

o,f deposition vastly greater than moving water could ever obtain. 
This,allows, however, that in some cases t'he circulation of water 
may have been virtually nil. Heat would 'be an effective stimu- 
lant to the circulation of .both water and ions; for capillarity is 
decreased and diffusion is increased with rise of temperature; 
but this affects the pro'blem only in the sense o.f reducing the size 
of the openings to which the above principles apply, or in shorten- 
ing the time required, for the formation of a deposit, not altering 
the relations between convection and diffusion. 

The mechanisms of diffusion, metaso.matism, and catalysis are 
little understood; yet they are involved in the phenomena of 
vein formation in such a manner as to compel an effort to circum- 
scribe them as well as possible, in the present discussion. Dif- 
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fusion applies to substances in an ionized condition, and tends to 
distribute the ions uniformly throughout a solvent of uniform 
temperature. Thus if ions are being withdrawn from a solution 
at any .point there will be a general migration of the solute toward 
that point, to .maintain the uniformity of distribution; and by 
direct and ind:irect routes, the ions will move from the point 
where they are entering the solution, say, from a dissolving sub- 
stance, to that at which they are leaving it, say, where precipi- 
tation is going on. In consequence of this rule, it follows that 
if ore is metasomatically replacing wall rock, there will be a flow 
of metalliferous ions to the seat of deposition, and a flow of the 
various ions derived from the wall rock, away from that point, 
to be distributed throughout the solvent. The solvent in this 
case is, of course, t•he entire body of groundwater, in all its 
devious ramifications through the rock pores and fissures. 

Field and microscopic studies indicates in many instances that 
grain-for-grain replacement of rock by ore minerals is volume- 
for-volume and not weight-for-weight nor molecule-for-molecule. 
If metasomatism is to be understoodl in this last sense, then prob- 
ably the word will have to be dropped from the vocabulary of 
geologists, or at least from that of ore deposits, its applications 
in geological phenomena being very limited. Grain-for-grain 
will answer all cases, and will permit the word to be used for 
cases which are clearly volume-for-volume, and which happen 
to embrace all the replacements which have come under the 
writer's observation. '.This would seem to imply that the process 
is really less chemical than physical, and that chemical reactions 
scarcely need be looked for, which. involve the ore minerals and 
those of the wall rock in the same equation. However, this is 
not offered as a dogma. 

In his recent studies of the Porcupine gold ore deposits, ø the 
writer found that in typical situations, quartz veinlets were bor- 
dered by a thin film of ferro-dolomite. The microscope showed 
that the meta-andesite schist constituting the wall rock, which 
consisted of a few feldspars, a few areas of secondary quartz, 

6 Canadian Mining Journal, Volume 36, No. I9. 
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some chlorite, 'horn'bler•de, leucoxene, considerable sericite or 
paragonite, magnetite, and ferro-dolomite, was indiscriminately 
replaced .by coarsely crystalline ferro-dolomite vein matter, which, 
in turn, was replaced by vein quartz in such a manner as to pre- 
serve in the latter a rhombohed'ral boundary against the former. 
Thus, the replacement of the wall rock by vein quartz proceeded 
by stages. The first stage, or ferro-dolomite replacement, was 
ind.iscriminate with reference to the minerals of the meta-andesite 

schist; but the second stage, or quartz replacement, was selective 
in the sense that it followed the molecular structure of the carbo- 

nate. This might seem at first hand to indicate molecular or 
chemical replacement; but on second thought it must 'be recog- 
nized that dissolution might have followed those lines, and physi- 
cal replacement merely have filled the vacated space as it 
developed. 

This is the writer's conception of the metasomatic process as 
it operated• at Co•)alt. Here there was no suc'h obvious pro- 
gression by stages; yet there might have been a somewhat analo- 
gous sequence, less easy of recognition. The veins of Cobalt are 
not characteristically b.orderec• by what appears to have been an 
intermediate stage of replacement; but there seems to have been 
a rough succession of. replacement operations, which give the 
illusion of successive periods of mineralization. 

The veins at Cobalt appear to have been formed with reference 
to the stresses which existed in the walls of certain vertical joints, 
in the sense that where the walls were most completely relieved 
of stress, the mineralization was most rich and copious, consisting 
of silver and th'e arsenides; and as the stress increased the min- 
eralization .decreased, consisting in typical cases. of calcite. In 
cases where calcite and arsenides exist together, the former never 
has replaced the latter; and the relations are usually obviously the 
reverse. In the same manner, silver appears never to have been 
replaced by the arsenides, but often to have replaced them, as 
along fractures. Thus the rough sequence seems to be calcite, 
cobalt and nickel arsenides, and silver. Often arsenides or sil- 
ver appear to have replaced the wall rock directly; but these cases 
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may represent instances where the preceding stage of replace •- 
ment has been replaced in its entirety, leaving no trace of its 
former existence. 

If the replacement was physical and not chemical, the sequence 
may relate rather to tho physical condition of the replaced or 
passive substance as .compared. with the conditions demanded for 
deposition by the approaching or active substance. For instance, 
calcite may be a more favorable medium for smaltite to deposit 
in than greywacke or diabase; but in certain local situations, one 
oi the latter might serve just as well as calcite. If the replace- 
ment was grain-for-grain rather than molecule-for-molecule, and 
was vitally related to the stresses in the fissure walls, it may have 
been the result of a catalytic influence. Perhaps it is only deal- 
ing in mysteries to invoke the aid of catalysis in this emergency; 
yet there-was certainly such an intimate relationship between the 
dissolution of a grain of wall rock and the deposition of a grain 
of ore that a grain of the latter could not go out of solution 
unless. a grain of the former made'room for it by going into 
solution. It may be, however, since stress is involved, that the 
whole matter resolves itself into a sequence of relative stabilities 
of certain substances under conditions of molar and molecular 

stress in this manner; suppose that along a vertical joint the rock- 
flowage tendency is overcome in the immediate walls. by a direct 
gravitative thrust d•ownward, along the fissure, anc• also by a 
lateral thrust along it, so that •he resulting tension normal to 
gravity and to the lateral thrust barely parts the walls; and they 
just touch each other, but are r.elatively free from normal com- 
pression. Under these conditions, the joint and its walls are 
filled with solutions containing the ions of dolomitic calcite, 
smaltite, niccolite, and silver, along with other unknown sub- 
stances. There is a tendency for the various rock particles in 
the conglomerate or meta-andesite schist walls to be forced 
toward the fracture; this they can do by going into solution. 
There is also a tendency for the ions already in solution to go 
out, since they are capable of combining to form substances 
which are stable and insoluble under these conditions. The in- 
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terchange can take place only when new molecules in the joint 
wall will be freer from stress than the molecules originally there, 
and will be entirely stable in their r61e as substitutes. This con- 
dition will be satisfied ,by that molecule among those present in 
solution, which will remain stable while sustaining the greatest 
amount of stress. Let it be supposed that this molecule is calcite. 
In whatever places the stress is less than t'he limit of the capacity 
of calcite to withstand smaltite and niccolite being more stable 
than calcite under conditions of less stress, replace it, or are pre- 
cipitated in its stead, and likewise for silver. 

(d) The manner in which the veins at Co.balt have grown is well 
illustrated in several of Mr. Whitehead's photographs; and a study 
of them can not help but throw light upon the foregoing dis- 
cussion. Plate VIII., b, shows how a joint upon which minerali- 
zation has occurred, has been the plane of inception for a type 
of preliminary mineralization, which has introduced macroscopic 
plagioclase crystals into conglomerate walls in advance of the 
more inter•se vein-replac'ement, making a broad band of liffhter 
colored rock along the joint. Immediately following it, the sec- 
ond stage of mineralization has replaced this feldspathic zone by 
calcite. This in turn has begun to undergo replacement 'by 
sinairite, immediately following it on the axis of the joint. This 
photograph serves the purpose well of illustrating the succession 
of replacements, although in actuality the process could have 
gone no. farther than is shown, because the joint referred to is 
striking normal to the direction of the chief compressive stresses 
of the locality; and its walls are under too great compression to 
permit the action to go beyond the immediate vicinity of the other 
joint at right angles to it, which, as can be fairly well seen, is 
substantially mineralized., and as it happens, is being actively 
mined. 

Plate VII., a, shows filled and untilled joints parallel to a vein; 
and Plate VIII., a, shows on another vein the manner in which 
these are filled to make a group of reticulate veins. Both examples 
illustrate the typical vein structure at Cobalt, and are especially 
useful in showing how branching veinlets by expanding and unit- 
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ing may enclose angular fragments of the walls, which gradually 
dwindle by replacement. This, by the way, is due to the fact 
that the veins grow along their walls, and that diffusion permits 
the delivery and removal of material to and from the vein inclu- 
sions. Plate VII., c, shows a small vein crossing the specimen 
and containing calcite and smaltite, the latter replacing the former 
in the typical manner. 

An attempt has •een made in the foregoing paragraphs not to 
prove, ,but to show evidence, that the process of diffusion has a 
right to stand among the other recognized genetic processes, as 
one worthy of equal consideration. 


